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This monograph attempts to present a comprehensive review of the current applications 
and characteristics of photon-in, photon-out ‘optical techniques used to characterize or- 
ganic thin solid films and their interfaces. The optical probes are grouped according 
to their common origins within the point dipole approximation and both theoretical 
aspects and experimental capabilities and limitations are discussed. Emphasis is given 
to describing how information about the surface and interface characteristics, the thin 
film microscopic physical structure and the macroscopic optical properties derives from 
nine basic optical approaches used in some two dozen different experimental configu- 
rations. The recent literature for each configuration is surveyed to illustrate the type 
and extent of information retrievable, and also the realistic limitations. The nine ba- 
sic optical methods include spectrophotometry, ellipsometry, microscopy, emission, X- 
ray scattering, surface electromagnetic wave spectroscopy, infrared spectroscopy, Raman 
spectroscopy and non-linear optical approaches. The level of presentation is directed at 
nonexperts in the multidisciplinary research and technology fields which utilize organic 


thin films in the submonolayer to micron thickness range. 
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Notations 
molecular dipole moment 
complex refractive index 
real part of the refractive index 
imaginary part of the refractive index 
reflectance from an interface (i = p or s) 
transmittance through an interface (i = p or s) 
wavelength 
in-plane polarized 
out-of-plane polarized 
change in reflectance of a surface with and without an overlayer 
change in transmittance of a surface with and without an overlayer 
frequency 
wavenumber 
plasma frequency 
angular frequency 
complex dielectric constant of medium j 
x-ray diffraction momentum transfer 
electromagnetic wave momentum vector 
Fresnel reflection coefficient for a 2 phase system 
Fresnel reflection coefficient for a 3 phase system 
film thickness 
Tp/Ts, ratio of Fresnel reflection coefficents 
ellipsometric parameter relating amplitude change of p and s waves 
ellipsometric parameter relating phase change of p and s upon reflection 
polarization state 
void fraction 
surface parallel momentum vector 
surface normal momentum vector 
real part of € 
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imaginary component of ¢€ 


ksp - surface plasmon momentum vector 
oP - critical angle for SEW spectroscopy 
Rp  p-polarized reflectivity 

R,; s-polarized reflectiviity 

P induced dipole moment 

a - polarizability tensor 

E - electric field vector 

Q;  - vibrational normal coordinate 

Qpq - polarizability matrix element 

nth order susceptibility tensor 


pg) - nth order molecular polarizability 
Bijk .- hyperpolarizability tensor element 
2 - acoustic phonon frequency 

acoustic phonon wavevector 


Abbreviations 
ATR - Attenuated Total Reflection 


CARIS - Constant Angle Reflection Interference Spectrum 
CARS - Coherent Anti-Stokes Raman Scattering 

DR - Differential Reflectance 

EM - Electromagnetic 

EMIR - Electrochemically Modulated IR 

ES -  Ellipsometry 
EXAFS - Extended X-ray Absorption Fine Structure spectroscopy 
FL - Fluoresence 

FT - Fourier Transform 

FTIR - Fourier Transform IR 

GIS - Grazing Incidence Scattering 

IR - Infra-red 

IRE - Internal Reflection Element 

IRRAS = ~- Infra-red Reflection Absorption Spectroscopy 
IRS - Internal Reflection Spectroscopy 

LB -  Langmuir-Blodgett 

MIR - Multiple Internal Reflection 

NL - Nonlinear 

NLO - Nonlinear Optics 

PEM - Photo elastic modulator 

RAIR - Reflection Absorption IR 

RR - Resonance Raman 

SCARS - Surface CARS 

SE - Spectroellipsometry 

SEL - Surface Enhanced Luminescence 

SERRS - Surface Enhanced Resonance Raman Spectroscopy 
SERS - Surface Enhanced Raman Spectroscopy 

SEW - Surface Electromagnetic Wave (spectroscopy) 
SHG - Second Harmonic Generation 


Subtractively Normalized Infrared Fourier Transform IR 
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